Abstract During a survey of fungal diversity of the order Hypocreales in Korea, two Acremonium isolates, CNUFC-1YSRS2-4 and CNUFC-GSNPF3-1, were isolated from soils collected on a bank of the Yeongsan River, Naju, and in a forest on the Mt. Daegak located on Sinsi Island, Gunsan, South Korea, respectively. Based on the morphological characteristics and sequence analysis of the internal transcribed spacer and D1/D2 domains of 28S ribosomal DNA, the isolates CNUFC-1YSRS2-4 and CNUFC-GSNPF3-1 were identified as A. variecolor and A. persicinum, respectively. These 2 species represent novel Hypocreales isolates in Korea.
class of antibiotics, were derived from Acremonium strictum W. Gams (syn. Cephalosporium acremonium Corda). In Korea, anti-inflammatory sesquiterpenoids from a spongederived Acremonium sp. were reported [5] . In addition, phthalide and isocoumarin derivatives have been reported to be produced by Acremonium sp. isolated from a mangrove [6] . Acremonium cellulolyticus is known to be a possible cellulase producer [7, 8] .
In terms of taxonomy, this genus is morphologically simple; thus, classification at the species level is difficult. Their morphological features include septate hyphae with simple, tapered, lateral phialides produced singly or in groups and unicellular, globose-to-cylindrical conidia, which are mostly aggregated in slimy heads at the apex of the phialide [9] . Nonetheless, their taxonomy has not been firmly resolved due to the absence of clear-cut morphological differences at the species level and the absence of reliable sequences in public databases [10, 11] .
In 2011, Summerbell et al. [12] presented the results on the phylogenetic analyses of the D1/D2 domain of large subunit and small subunit ribosomal DNA (rDNA) to classify the majority of Acremonium species. In that study, some species of Acremonium were reclassified into the genus Gliomastix and included into Sarocladium.
Only 5 species of Acremonium, namely A. strictum, A. acutatum, A. cellulolyticus, A. zonatum, and A. sclerotigenum, have been recorded in Korea since 2006 [9, [13] [14] [15] [16] , but A. cellulolyticus (GenBank accession No. AB474749) was transferred to the genus Talaromyces by Fujii et al. [17] . In the present study, we sought to investigate the morphological characteristics of Acremonium isolates obtained from soil samples in Korea and to determine phylogenetic positions of A. variecolor and A. persicinum.
MATERIALS AND METHODS
Extraction of fungal strains from soil samples. The strains used in this study were Acremonium species isolated from soil samples collected on the Yeongsan riverside in Naju (GPS 35.0022967, 126.6832094) and on Sinsi Island (Sinsido) in Gunsan (GPS 35.818669, 126.473644), Korea.
The soil samples were placed in conical tubes and kept at ambient temperature until cultured. Fungi were isolated by the serial dilution plating method. Briefly, 1 g of soil was mixed with 9 mL of sterile distilled water and shaken for 15 min at room temperature; serial dilutions ranging from 10 Morphological analyses. To obtain samples for microscopic examination and growth rate determination, isolates CNUFC-1YSRS2-4 and CNUFC-GSNPF3-1 were cultured on each of the 3 media: PDA, malt extract agar (MEA; 33.6 g MEA in 1 L of deionized water; Becton, Dickinson and Co.), and oatmeal agar (OA; 1.5% oatmeal and 1.5% agar in 1 L of deionized water; Junsei, Tokyo, Japan). The plates were incubated at 25 o C in the dark for 7 days. Samples were mounted in a drop of distilled water on a glass slide and were examined under an Olympus BX51 microscope with DIC optics (Olympus, Tokyo, Japan). Fine structures of the fungi were analyzed by scanning electron microscopy (Hitachi S4700 field emission scanning electron microscope; Hitachi, Tokyo, Japan). Samples were fixed in 2.5% paraformaldehyde-glutaraldehyde buffer with 0.05 M phosphate (pH 7.2) (Junsei) for 2 hr and washed in cacodylate buffer (Junsei). Cellular membranes were preserved by fixing the samples in 1% osmium tetroxide (diluted in cacodylate buffer; Electron Microscopy Sciences, Hatfield, PA, USA) for 1 hr, by washing again in cacodylate buffer, dehydrating in a graded series of ethanol solutions (Emsure, Darmstadt, Germany) and isoamyl acetate (Junsei), and by drying in a fume hood. Finally, samples were covered with gold in a sputter coater and examined at Korea Basic Science Institute, Gwangju, Korea. were constructed by means of a phylogenetic system described by Summerbell et al. [12] , whereas the clade lines marked with the asterisk (**) are suggested by the present authors.
TCCGCTTATTGATATGC-3') by the method of Cano et al. [18] . D1/D2 domains of the 28S rRNA gene were amplified with primers NL1 (5'-GCATATCAATAAGCGG-AGGAAAAG-3') and NL4 (5'-GGTCCGTGTTTCAAGA-CGG-3') according to the method of Gilgado et al. [20] . The PCR amplification mixture (total volume 20 μL) DNA extraction, PCR, and sequencing. Total genomic DNA was directly extracted from mycelia using the Solg Genomic DNA Prep Kit for fungi (SolGent, Daejeon, Korea). The internal transcribed spacers (ITS1 and ITS2) and the 5.8S gene were amplified with primers ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') and ITS4 (5'-TCC- 
RESULTS
Phylogenetic analysis. The ITS and 28S sequences of strains CNUFC-1YSRS2-4-1, CNUFC-1YSRS2-4-2, CNUFC-GSNPF3-1-1, and CNUFC-GSNPF3-1-2 were deposited in the NCBI database under accession numbers shown in Table 1 . A BLASTn search revealed that the ITS rDNA sequences of CNUFC-1YSRS2-4-1 and CNUFC-GSNPF3-1-1 have high sequence identities of 99.1% (472/476 bp) and 98.3% (520/529 bp) with A. variecolor (GenBank accession No. LN714516) and A. persicinum (KF993390), respectively. The phylogenetic tree of the ITS region with high bootstrap values (96% and 99%) confirmed that the CNUFC-1YSRS2-4-1 and CNUFC-GSNPF3-1-1 isolates are A. variecolor and A. persicinum, respectively (Fig. 1) .
In the analysis of the D1/D2 domains of the 28S rDNA sequences, CNUFC-1YSRS2-4-1 and CNUFC-GSNPF3-1-1 strains showed 100% (488/488 bp) and 99.5% (544/547 bp) sequence identities with A. variecolor (LN714516) and A. persicinum (AB920179), respectively. Moreover, in a combined analysis of the ITS and D1/D2 sequence regions, the 2 strains within the order Hypocreales, like other Acremonium species, showed well-supported branch values (Fig. 2) . [24] , and Lo Piccolo et al. [25] .
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the fastest on the OA medium.
DISCUSSION
Recent molecular studies [19] showed that the genus Acremonium is polyphyletic, whose species split into different orders of Sordariomycetes. As a result, significant taxonomic changes for Acremonium and Acremonium-like anamorphs were recently made. To date, many Acremonium species have been reported, but there are no trustworthy classification systems and little sequence data are available in GenBank for multigene analyses. Herein, the phylogenetic positions of A. variecolor and A. persicinum were confirmed based only on a combination of ITS region and large subunit rDNA sequence analysis. Giraldo et al. [19] used only several loci of ITS, 28S, and actin gene sequences that are available in GenBank to create a phylogenetic tree. Nevertheless, because the act-1 sequences for A. variecolor are lacking in GenBank, it was impossible to apply this type of analysis to the samples obtained here.
Multilocus sequence analyses employed herein revealed that the 2 species undescribed in Korea were well placed within the related clades without the use of act-1 data. This is because there are still unknown and unconfirmed species related to these A. variecolor and A. persicinum species [19] . 
